INTRODUCTION
Theoretical development of the multiport injection simulation technique [1, 2] proved that the simulation would be exact if the proper multi-source excitation was applied at the terminals of the cable. A more compact approximate simulation technique was developed that reduced the number of sources needed for an N conductor cable from 2N to 2. Experiments were performed to demonstrate the accuracy of the approximate Thevenin equivalent source injection technique. Judgement of the accuracy of the approximate technique was based on overlays of the injection cable response with radiating EMP simulator data [2] . It was deemed desireable to have a more concise method of determining the quality of an injection simulation.
Therefore, the concept of waveform norm attributes is investigated here as a method of estimating the accuracy of a simulation. An IBM PC based software package was developed that will compute the norm attributes of digitized data.
Results of using the norm attributes as a criteria for judging injection simulation quality are discussed in the following section.
INJECTION SOURCE SENSITIVITY STUDY USING NORM ATTRIBUTES
The approximate Thevenin source injection technique is described in references [l] and [2] . Experimental investigation of the adequacy of the technique is presented in [2] , [31 and [4] .
The experiment involved simulation of the cable response due to the Army's AESOP simulator with an approximate equivalent source injection technique. An overview of the experiment is given later in this paper.
In the injection test portion of the experiment, two different source waveforms were used. The effect of the waveform differences on the quality of the simulation was analyzed via norm attributes. The purpose of this effort is to determine the suitability of the norm attribute computations as a basis for Judging the adequacy of a synthesized iniection source.
As will be seen, the norms provide a simplified look at a waveform. The question to be addressed is their suitability for specifying and accepting injection sources.
The approach used to study this question is to analyze the results of the cable experiments described in the reference papers with the norm attributes. The cable experiments were performed with two different drive waveforms, one giving good simulation results based on a visual comparison of the data and one providing a poorer simulation.
The ability of the norm computations to predict the quality of the simulation from the source waveform norms will be used as the criteria for estimating the suitability of the norms in selecting the proper drive waveform. 
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An IBM PC s o f t w a r e package [ 7 1 was w r i t t e n t o a l l o w computation of t h e norms u s i n g t h e d i g i t i z e d d a t a from t h e c a b l e experiment d e s c r i b e d i n t h e n e x t s e c t i o n . T h i s w i l l b e f o l l o w e d by t h e a c t u a l r e s u l t s of t h e norm a t t r i b u t e comparisons.
I N J E C T I O N CORRELATION EXPERIMENT
T e s t s were conducted t o e v a l u a t e t h e a c t u a l r e s p o n s e s of t h e i n t e r n a l w i r e s a t t h e ends of a complex m u l t i c o n d u c t o r c a b l e due t o f r e e f i e l d ( d i s t r i b u t e d ) and d i r e c t d r i v e e x c i t a t i o n .
Two d i f f e r e n t waveforms were u s e d i n t h e d i r e c t e x c i t a t i o n mode. 
w i s t e d t o g e t h e r w i t h o u t a d d i t i o n a l s h i e l d i n g . The c r o s s -s e c t i o n of t h e c a b l e i s g i v e n i n F i g u r e 1. I t was d e t e r m i n e d t h a t t h e c r o s s s e c t i o n was f u n d a m e n t a l l y c o n s t a n t o v e r t h e l e n g t h o f t h e c a b l e .
The c a b l e h a s an o u t e r j a c k e t of p o l y e t h y l e n e f o r e n v i r o n m e n t a l p r o t e c t i o n .
The EMP c o u p l i n g t o t h e i n t e r i o r bundle of wires i s p r e d o m i n a n t l y c a u s e d by e l e c t r i c a l c u r r e n t f l o w i n g on t h e c a b l e s h i e l d .
The complex t r a n s f e r
impedance of t h e s h e a t h and t h e s h e a t h c u r r e n t g i v e s r i s e t o a l o n g i t u d i n a l e l e c t r i c f i e l d j u s t i n s i d e t h e c a b l e s h i e l d . A d d i t i o n a l c o u p l i n g t o t h e i n t e r i o r bundle i s c a u s e d by t h e e x t e r n a l e l e c t r i c f i e l d penet r a t i n g t h e c a b l e s h i e l d .
F i g u r e 1: Cable C r o s s S e c t i o n A t e s t program was conducted t o o b t a i n c u r r e n t and v o l t a g e d a t a on t h e c a b l e a s i t i s e l e c t r i c a l l y e x c i t e d by an i n c i d e n t e l e c t r o m a g n e t i c p u l s e .
The same set of measurement was t h e n made u t i l i z i n g t h e e q u i v a l e n t s o u r c e i n j e c t i o n system t o d r i v e t h e c a b 1 e . A t e s t was conducted u s i n g a r a d i a t i n g 
e a c h end were a d j u s t e d a s c l o s e a s p o s s i b l e t o t h e r a d i a t i n g s i m u l a t e d induced v o l t a g e . S o u r c e s were p l a c e d a t e a c h end of t h e c a b l e .
The s h o r t c i r c u i t c u r r e n t s were measured.
F i g u r e 3: Direct Drive T e s t S e t t u p A r e p r e s e n t a t i v e wire c u r r e n t comparison i s p r e s e n t e d i n F i g u r e 4 . The i n j e c t i o n r e s p o n s e i s s e e n t o be s i m i l a r i n a l l r e s p e c t s t o t h e r a d i a t i n g s i m u l a t o r w i r e c u r r e n t . S i m i l a r r e s u l t s were o b t a i n e d f o r t h e o t h e r w i r e s i n t h e c a b l e . I n o r d e r t o q u a n t i t a t i v e l y e v a l u a t e t h e a c c u r a c y of t h e i n j e c t i o n s i m u l a t i o n , t h e s t a n d a r d s e t of waveform norms ( e q u a t i o n s 1-5) were computed f o r e a c h measured wire r e s p o n s e .
The norm v a l u e s f o r a l l measured w i r e c u r r e n t s a r e i n c l u d e d i n t h e h i s t o g r a m of F i g u r e 5 . A n e g a t i v e v a l u e means t h a t t h e d r i v e v a l u e was lower t h a n t h e r a d i a t i n g s i m u l a t o r v a l u e .
The p e r c e n t d e v i a t i o n s a r e s e e n t o be t y p i c a l l y less t h a n 50% f o r most of t h e norms. 
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tative wire current is compared to the AESOP response in Figure 7 . The norm attributes of the drive waveforms were computed and normalized to the AESOP values and are presented in Figure 8 . The biggest difference in the drives was found to be their peak impulse norm (20% verses -24%). The other norms were within 10% for the two different drive waveforms. Again, we looked at the short circuit current data induced by the drive 2 waveform.
Waveform norm attributes were computed for each of these current measurements and the results are presented in Figure 9 . 
I t can be s e e n t h a t w h i l e t h e d r i v e 2 s o u r c e waveform norms ( F i g u r e 8 ) were c l o s e t o t h e d r i v e 1 norms, t h e d r i v e 2 waveform c r e a t e d much l a r g e r e r r o r s i n t h e i n t e r n a l c u r r e n t r e s p o n s e s of t h e c a b l e . T h e r e f o r e , i t was concluded t h a t t h e s t a n d a r d s e t of waveform norms does n o t p o s s e s s t h e s e n s i t i v i t y needed t o be used i n t h i s a p p l i c a t i o n a s a d i r e c t d r i v e
s o u r c e s e l e c t i o n t e c h n i q u e s when a p p l i e d o n l y t o t h e s o u r c e waveform.
V o l t a g e I n t e g r a l Norm A t t r i b u t e s
The s h o r t c i r c u i t c u r r e n t i n t h e c a 1 7 % -30% -30% -23% 2 4 % 6% 219% 2 1 9 % 2 0 0 % Normalized V o l t a g e I n t e g r a l Waveform Norms
The r e a s o n f o r t h e l a r g e e r r o r s i n t h e i n t e g r a t e d d r i v e 2 waveform c a n be s e e n i n F i g u r e 6 .
The d r i v e 2 s o u r c e damps down much q u i c k e r t h a n e i t h e r t h e AESOP o r d r i v e 1 waveforms.
T h e r e f o r e , t h e i n t e g r a l of t h e d r i v e 2 waveform r e a c h e s a much l a r g e r v a l u e t h a t t h e o t h e r waveforms.
T h i s e f f e c t i s e v i d e n t i n t h e wire c u r r e n t f o r t h e d r i v e 2 e x c i t a t i o n shown i n F i g u r e I . T h i s t e c h n i q u e y i e l d s t h e r e q u i r e d s e n s i t i v i t y f o r waveform norm a n a l y s i s t o e v a l u a t e t h e d i r e c t d r i v e v o l t a g e s o u r c e s .
CONCLUSION
The g o a l of t h i s s t u d y was t o i d e n t i f y a q u a n t i t a t i v e method t o e v a l u a t e t h e r e l a t i v e m e r i t of a d i r e c t d r i v e waveform o r t e c h n i q u e .
I n t h e p a s t q u a l i t a t i v e v i s u a l comparisons were t h e p r i m a r y e v a l u a t i o n c r i t e r i a .
I n t h e s t u d y w e have shown t h a t waveform norm a n a l y s i s a p p l i e d t o good and bad d i r e c t d r i v e s o u r c e waveforms d o e s n o t p r o v i d e t h e n e c e s s a r y q u a n t i t a t i v e s e l e c t i o n c r i t e r i a .
However, when one a p p l i e s an a p p r o p r i a t e system r e s p o n s e f u n c t i o n t o t h e waveforms
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( i n t e g r a t i o n o f t h e open c i r c u i t v o l t a g e i n t h i s c a s e ) p r i o r t o c a l c u l a t i o n of waveform norms, q u a n t i t a t i v e comparisons c o n f i r m v i s u a l o b s e r v a t i o n .
The u s e of norm a t t r i b u t e s a s a method f o r s e l e c t i n g d r i v e s o u r c e s c a n b e an e f f e c t i v e t e c h n i q u e i f some a n a l y s i s i s a p p l i e d t o t h e s o u r c e waveforms. R e f e r e n c e s R . F. Gray, V a l i d i t y of E q u i v a l e n t Source R e p r e s e n t a t i o n f o r C o a x i a l l y Capobianco, "EMP S i m u l a t i o n f o r Hardness V e r i f i c a t i o n T e s t i n g " , I E E E 1987 I n t e r n a t i o n a l Symposium on E l e c t r o m a g n e t i c C o m p a t i b i l i t y , A t l a n t a , GA.
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